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(54) Tia«; TKANSPLANT SOLimONS CONTAIN PYRUVATE AND METHODS FOR TRANSPLANTATION 
(ST) Abstract 

The pttsctrt invention ifl bastd upon the discovery that ttw uw of pynivaie in trarispUnt solurtons and the feeding of pynivuE and/or 
pyravate derivaKvex to the organ recipients prior to and subsequent to tmsplantatlon, greatly enhances the survivabUi^ of the recipient 
And the viability of XYit transpl&med oi^an. According to die preaent invention, providing pyiuvaw prioi to ttw transplaittation of an oiigan 
and/or subsequent to the tmwplaniation of the or^an, wilt significantly Increase tbe llheUtiood of « suceessAil transplantation. Further, (he 
USD of pynjvaMH:ontftinirtE! piesorvationr trannphni, perfusion and pyruvate intgation solutim win sr^atly enhance ths maintenance of the 
organs prior co nan&plantatiDn. the transplant and lrTiE[ation K>lution« of tho ptettm invention contain cnnponenis that ate known in the 
art and pymvate at a concentration from 1 co lOO mM. 
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TRANSPLANT SOLUTIONS CONTAINING PYRUVATE AND 
METHODS FOR TRANSPLANTATION 

TechnioaUkld 

He present invention teUtes generally to metbods of tianq^lazitiiig tissue and organs in 
mammals and to fiohtticm^ Ufieful in the transplant of tissues and orgoas which wntain pyruvate 
and pyrovate derivaiives. 



BackgrcamdArt 

The transplantation of organs and/or tissue from a donor to a rec^ient has become almost 
roatine in modem mediae, Modem preservation methodologies have provided for the 
m&intenance of organs over relatively long periods of time prior to transplmtiition. Despite this, 
10 present preservation technology is limited and there is a need to improve the viability of the 
oiBans or tissue to be transplanted over longer periods of time. In:q}rDving techniques for 
transplantation would have far ranging implicatiDns for cHnical application and basic research on 
organ transplantatiDn. 



IS sohttions (for preservation and irrigation during surgeiy) and the feeding of pyruvate and/or 
pynivato derivatives to the organ/tissue recipient prior to and subsequent to transplantation, 
greatly enhances die survivabifity of the recipient and the viability of the transplanted oigan/tissue. 

As used herein and in the claims, the term *t»rgan" is meant to mean a differentiated 
stmeture, fiuofa as the heart, kidney or fiver^ whidi oon^sts of oelk and tissues and perfonns some 

20 spedfic Amction in an organism. Also moluded in the definition of '^organ" is the term ''tissue'* 



5 



The present invention is based upon the discovery that the use of pyruvate in transplant 



1 
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whicb h an aggregation of ceUs more or less of siniilar morphology and fimctt(HuHty. The aniinal 
bady is cooiposed of fom (4) prinwiy tissues^ tiamely, epithdiuni, coxmecdve tissue (includitig 
bone, cartilage and blood), muscle and nervous tissue. 

As used berein and io the chinu, the tenn ^'pyruvate** means any salt or estere of pyruvic 
5 acid. Pyruvia acid has the fbmiuJa: 



Pyiuvic acid is a colorless liquid with an odor resetmbfing that of acetic acid and has a 
SDiehing point of H^C. Pyruvic acid is an intennediate in the breakdown of sugars to akohol by 
yeast. The tnmeral salts of pyruvic add, such as sodium pyruvate or t^lcium pymvate or 

10 mixtures thereof are usefid in the present invention. Pyruvate precursors in the fhnn of 
pynivamides or pyruvyl-amino adds are also useful in the present invention. Pynivyl^glydne is 
representative of the useful pyniv34-ai»ino adds. 

Pyruvate has a number of usefiil appUoations hi medichle. Pyruvate has been described for 
retarding &tty deposits in livers (U.S. Patent No. 4,158,057); fbr treating diabetes (U.S. Patent 

15 No. 4,874,790); for retardmg wdght gain (U.S, Patent Nos. 4,812,879, 4,548,937, and 
4,351,g3S); to increase body protob concentratians m a mammal (U.S. Patent No. 4,415,576); 
for tieatmg cardiac patients to increase fhe cardiac output wkhout acconq>anying increase in 
cardiac oxygen demand (U.S. No. Patent 5,294»€41); fbr esctoidmg athletic endurance (US. 
Patent No. 4,31S,S35); for retarding cholesterol mcrease (U.S. Patent No. 5,134,lfi2); for 

20 inhibiting growth and spread of nmUgnancy and retarding DNA breaks (U.S. Application Serial 



0 0 




C — C-OH 
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No. 08/194,857 filed Fdmiary 14, 1994); and for inhiWUng generation of free radiciU (U.S. , 
Application Senal No, 0a/2S6,946 filed August 8, 1994). All of these references are incotporated 
herein by refbrence. 

E^ynivate in various fbnns ha& been proposed for enteral administration and for parenteral 
5 administration. lVpicA4y> pyruvates ate av&ilable in the form of salts, for example, calcium 
pyruvate and sodhun pyruvate. U,S. Patent Nos. 5^283,260 and 5,256,697 disclose uses for the 
pyruvyl-amino adds and methods for tiseir prodnotion. 

Pyruvate has been adnnnistered to maxnmals cnterally or parenteraQy typkudly at 
superphysiologioal levels. The amomit of pyruvate adndmstered gmeraDy ranges from 1 to 20% 
10 of the nuunmars caloric mtake. For enteral administratiDn, the pyruvate may be disbursed or 
dissolved m a beverage product or may be included m cookies, candies or other foods. Pyruvate 
may also be introduced as an aqueous sohition parenteraUy. 

According to the present invention, pravidmg pynivate to llie donor animal prior to the 
transplantation of an organ and/or to the recipivt subsequent to the transplantation of the organ, 
15 will significantly increase the likelihood of a suooeasfiil transplantation, Fiirther, the use of 
pynxvate-cootahung transplant solutions or pyruvate irrigation sohidons will greatly enhance the 
matntenEince of the organs prior to and during tram^lantation. 

Transplantation is the removal of part of an organism and its replacement hi the body of a 
different mdividual. The transptentation of cells, tissues or organs is an important procedure for 
20 treating a mimber of diseases and for studying a wide variety of problems. Transplantation of 
organs is a widely accepted medical therapy for diseases such as cardiac disease, liver disease and 
diabetes. 
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Transplamation invcklves two types of problems; those concerned directly with the act of 
transpIantfttioA itself and those v^iich stem fiom the incon^atibility of the donor organ to a 
genetically dissiimlar recipient. An q^ect of the present inventioa compiiscs admmist^iiig 
pyruvate to the donor (if possil)le) and the recipient anima] prior to and/or aibsequent to orgsn 

5 tiansplaut. The transplant sohttions (for preservation and irrigatiou) containing pyruvate of the 
present invention also lessens the injuiy to the transplanted orgm during p«iods of preservation 
and during the reperiUsioti event. Restoration of the flow of blood to a paiticnlar region of an 
animal (Le., muscles or organs) is called reperiusion. One additional a^eot of the present 
invention resides b the discovery that accepted sohitioos used to transport the donated organ 

1 0 wfaicb contain pyruvate prodace an une)qpectcd benefit in the preservation of the organ. 



Diadpsiie of the Invention 

There is disclosed a tran^lant sohitioa comprismg water, a bufftr system and pyruvate. 

The concentration of the pyruvate can range fiom I- 1 00 mmol or mM (millimolar), More 
1 5 preferably, the concentration of the pyruvate can nuige from 1-25 mM. Inferably, the pyruvate 

is selected from the group consisting of sodium pymvate, calcium pyruvate^ potasaum pyruvate 

and mixtures thereof. Further, the tran^lant solution of this invention may contain antibiotics, 

steroids, hisuUn, mideotides, carbohydrates, peptides and other cDtXQ)onents that are currently 

accepted in tranfiplaiit» irrigation and perfiision solutions. 
20 There is also disclosed a method for the transplantatimi of an organ in a mammal, said 

method comprises fhe admdinistrAtion of pyruvate cnterally or parcnteraUy to the reorient mntnmal 

prior to and/or subsequent to the transplantation. 

4 
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mere is fizrther di&dosed a m^od for the trsnsplantAtion of an orgm m a xoanmuil, said ^ 
xoethdd comprises the perfiisioit of the organ with a transplant solution coni^rising water, a 
buffer system and pyruvate prior to the estahlishmoit of the blood flow from the reeipient to the 
ofBan. 

Thflre ig al&o disclosed a tran^lant solution compri^g water, at least one steroid at a 
concentration of &om 2^20 mg/L. at least one carbohydrate at a conccntratiDn of from 10 to 100 
mM, at least one mideoside at a concentration of 1-20 inM, at least one antibiotic at a 
concentration of 0.1 to 1*0 xag/L and pyruvate at a concentration of 1 to 100 mmol and wherein 
5 said traisplant solution has an Osmota% of 250-37S mmos. 

As used herein and in the claims^ the term ^^lynivate" means the mineral salts of pymvic 
add, ibr exan^le the sodium, potassium or calcium salts, and pyruvate precursors m the form of 
pymvamide or a pyruvyl^amino add. Exanq)les of the pyiuvyl-amino adds usefixl in this 
invention are pytuvyt-glycine, pyiuvyl-alansie, pyruvyl^leucine, pyiuvy! valine, pymvyl-isoleuctne, 
10 pynivyKphenylalanzne, pyruvyl-prolhie, pyruvyl-sarcosine and their amides and esters as well as 
their salts, The teachings of U.S. S,2S6,697 which relats to methods of administering pyruvate 
and to methods of synthe^2sng pyrovate precursors is mcoiporated herem by reference. 

M used herehi and in the Glaims^ the term ^lufier system^* means medically accepted sahs 
of a weak add in the presence of the fi^ acid itself or the sahs of a weak base m the presence of 
15 the free base itself "Buffer solutions'* v^oh are aqueous solutions of 'buffer systems" are known 
in the medical and biological aits. In nciedicine, it is desirable to prepare a solution of definite pH, 
made up in such a away that this pH alters atdy gradually with the addition of alkali or acid. 
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Those skilled m the medical will readily appreciate wbidt buffer systems ^vould be usefiil in the 
present inveation. 

As used herein and in tbe claims, the tern 'transplant solution" tnem an aqueous 
preservation solution that is used to store the org&n to be transplanted^ an irrigation solution 
5 ^K^iidi is used to flush a body part for removing a foreign object or medicating the body part, a 
pcr&iston solution for fbrdng through an organ especially by way of ihe blood vessels and an 
mtravenous sohition that can be used to administer the pyruvate to the organ i^dpimt. 

There is also disclosed a method fbr the transplantation of an organ hi a mamnial, said 
method cooqirismg the administration of pyruvate to the recqiient F" a^ma l prior to the 
10 transplantation of the organ. Hiis inventicm also contemplates the administration of pyruvate to 
the recipient m?mmial subsequent to the transplantation of the otgatL Ihe method alao 
coatenoplates the enteral and parenteral admuustration of the inventive tran^lant solution to the 
recipient mammal, 

15 Detfliled DcscnDtion of t he hvefttion 

An accepted solution used fbr the tnn^lantation of organs is the University of Wisconsin 
Transplant Sohition. This sohition consists of the Mowing com|)onents at the recited 
concentrations! 



K Lactobionate 

KH2P04 

MgS04 

RafBncse 

Adenosine 

Ghitathione 

Insuhn 



100 imnol 
25 nmtol 
5 mnu)] 
30 nunol 
5 mmol 
3 mmol 
100 U/L 
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Bactrim 


0,5jnl/L 


Ocxamethasone 


Smg/L 


Allopurinol 


1 imnol 


Hydroxyethiol- 




starch 


SOgfL 


Osmolality 


320ititnos 


pH 


7.4 


Na 


30 mmol 


K 


120 mmol 



Hic preservation or irrigation sohitioa of the presoit iiiveiiticm can be the Wisconsin 
solution^ which addtttonaQy cont«ms pyruvate, at couceatrations of from t to 25 zDmol, more 
S preferably Scam 2 to 15 mmol More generally, the solutions accordiog to this invention can 
utilize conventionally Accepted components, such as energy sources sugars and 

carbohydrat«s)» axitibiotics, 3nti-inflamznatoric&» buffer ^fstems, nuneral salts and the like. An 
espedaUy preferred solution of the hivendon C0inq>rise8 a sundard Ringcr^s sobiion oontaining 1 
to 25 mmol of sodium or calcium pyruvate. Ringer's sohuion i& a physiological salme solution 
10 vAich is isotonic %vxth the serum of blood and is used for perfusion and tissue culture experimoils. 
One important aspect of the solution of this invention is that h be isotonic with the blood of the 
animal m which they will be used. Sohitions having the same osmotic pressure are termed 
isotonic 

In cmc aspect of the present invention, pyruvate is administered to the tran^Iant recipient 
IS prior to and subsequent to the transplant operatioa. The level of pyruvate catii range from 1 to 
20% of daily calories. Preferably, the pyruvate replaces a portion of the cazhohydrates in the 
diet. 
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Short and long term preservation of pancreatic islet cells has been accon^Usbed through 
low tempemture cr>ti|)reservfttion. Utilizmg current technologies, unacceptab|y low cell yields 
5 have bzuited the climcal transplantation of pancreatic islet cells to treat diabetes. One aspect of 
the present invostion re^des in the discovery that long term culture of pancreatic islet cells in a 
pyTuvat6*ridi medium enhances the viahility and fiinction of human pancreatic islets. 

Islets were isolated from human psncreata using the method described by Ricordi et al iu 
Diabetes 37;4I3, 19SS. AAcr isoktiou, the istets were further purified by velocity sedimentation 
10 on a discontinuous Eurocollins ficoH density gradient. The ceDs were cultured at 37"C in 5% CO2 
b air either ia a pyruvate supplemented medium at 4* 15 mmo] or in a standard cuhure medium. 
The standard culture mediom was CMKL-1066 supplem^ted with 3-10% fetal calf senmx The 
standard culture medium CMRL/-1066 has the foHowmg wxcposition: 



8 
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Component 


mg/L 


Component 


mg/L 




INORGAMC SALTS 




AMINO ACm (cont'd) 






C&Q3(anbyd.) 


200.00 


L-HistidincHCl-HiO 


20.00 




KCl 


400.00 


Hydroxy-l^proHne 


10,00 


5 


Mg304(3inhyd.) 


97.70 


L-Isoleucine 


20.00 




NaCI 


6800.00 


L-Leudne 


60.00 




NaHCOs 


2200.00 


I^Ly^me - HG 


70.00 




NaHaPOti HaO 


140.00 


LrMethionine 


IS.OO 








L-FbenyUlanine 


25,00 


10 


OTHER COMPONENTS: 




L-Proline 


40.00 








L-Serine 


25.00 






1.00 


LrThreooine 


30.00 




Cofiitayma A 


2.SQ 


LrTryptophan 


10.00 




2-Deoxvadeiio sine 


10.00 


L-Tiysine 


58.00 


15 


2-Deoxy)eyidme + HCl 


10.00 


L-Valine 


25.00 






lO.DO 


L^Cystaine 


260.00 




Otphosopropyridin^ 










Nucleotide 


7.00 


VTTAMINS: 






Fla:vi2i Adenine 








20 


Dtnucleotide 


1.00 


Ascorbic Add 


50.00 






1000.00 


D-Biotia 


O.OI 




uuuaiuiuiie ^r^uubQU^ 


ID 00 


C! A- Piftn t DthsnAte 


0 01 




S*Meth>4-deoxyGyt]duie 


0.10 


Cholesterol 


0.20 




Mienol Red 


20.00 


Choline Chloride 


o.so 


25 


Sodiuin Acetate + 3H7O 


83.00 


Folic Add 


0.01 




Sodium Gluourdinate + HjO 


4.20 


Inositol 


o.os 




Thvinidiiie 


lO.QQ 


Niacin 


0.025 




TriDhosohoDvtidiae 




Niacinamide 


0,025 




Nudeotidfi 


1.00 


PafA-^aminobenzDic Add 


0.05 


30 


Tweeti 80 


5.00 


Pyiidoxftl HCl 


0.025 




Utidine Triphosphate 


1.00 


PyrMoxbeHCl 


0.023 








Riboflavin 


0.01 




AMINO ACIDS 




Thiamins HCl 0.01 




35 


L-Alanine 


25.00 








L-Aigbxine HQ 


70.00 








L-Aspartic Add 


30.00 








L-Cystke - 2HC1 


26.00 








L- Glutamic Acid 


75.00 






40 


L-Glutamitte 


100.00 








Glycine 


S0.00 
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Islet number and viability were serifllly assessed by {fitliizone and tiipan blue staiikkg. The 
viability of the istets wa$ fimher coBfimted by dynamic perifuskm assays. For this experimmt, 
pancreata was obtained from zme (9) human padaveric donors. 

60 to 80 islets per ml were cuhmed in either the control medium (CMRL-1066 
5 supplemented with S to 10% fetal calf serum and 25 mmot HEPES) or the e3q>erjmental solution 
vMch was the control plus sodium pytuvste at 4 to 15 mmol. The viability and fft vifro fiinotions 
of the control and experimental culnires were determined on days 1, 7, 14, 30, 60 and greater 
than 60 days post isolation. 

Table 1 sets out the percent viability on days 7, 1 4, 30, 60 and greater than 60 days for the 
10 experimental and control solutions. The control sohition was not able to mabtain the cuknied 
islets beyond day 30. On the contraiy, greater than 67% of viable islets could be i^oovoed after 
60 days of culture in the pyruvate si^iplemcntcd medium. On 1 20 days post^isolation, the yidd of 
viable i^s was reduced to about 56% for the experimental sohrtion. This is a highly unexpected 
resuh in view of the pr^^t technology. 
] 5 The viability of the islet cells was also evaluated in vivo. The abihty of the cultured islets 

on days 30, 60 and greater than 60 days to reverse e7q>enmentally induced diabetes m a male nude 

I. 

mice model was utilised. The animals were rendered diabetio by a smgle fageotion of 
streptozotocm (1S5 ml/kg). 72 hours subsequent to the streptozotochi Ejection, approximately 
700 islet ce&s were in^lanted mto the mice from the experimental and control cultures The 
20 hfiplantation of the islets was under the renal capsule and then- function was monitored by serial 
detemiinations of blood glucose levels and body weight. The response of the tran^Ianted islets 
to stress was evaluated on post-operative day 20 by an intraperitoneal ghicose tolerance test 
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(IPGTT). Hie viability of the transplanted cells was also detemrined on post-opendve ddy 37 by 
nephrectomy of the graph bearing Iddney. 

Islets recovered afier 30, 60 and 120 days in the experimental sohidon culnirc vvere 
tran^kntfid into nude mice and were able to reverse experimentally induced diabetes. Exciaion 
5 of the graph bearbg Iddney precipitated byperglycexnia bx all of the animals which is evidence that 
eu^lyceixila in these animals was maintained by the tran^ianted idcta. 

Tbese results indicate that a culture of islets in a pyiuvate-xicfa medmm preserve their long 
term viability and function. Further, these nesnits support the conchision that pyruvate containing 
tran^lam sohitions present an altematwe to existing in vitro cuhure and cryopreservation 
10 techniques which have yielded variable results to date. Further, the tran^lant sohitions of the 
present mvention aUow £or the collection of islets from nmhlple donors* thus optimi2iii^ the 
transplantation of a critical islet cell mass for successfbl reversal of insulin dependent diabetes 
meffitus. This data supports the inventive use of pyruvate in tranqdaut sohitions. The activity of 
the pyruvate containing transplant solution or culture medhnn is in great contrast to the oontrol 
15 sohiiion wherein after 1 month, all of the islet cells had lost their capacity to reverse 
hypergiyoemia. 

TABLE 1 
ViabiBtv of Human Pancreatic M^a 



% Viable Cxperimeotal % Viable 

Days In Culture (Pyruvate at 5-7 mM) Control 

7 82 75 

14 75 71 

30 74 28 

60 70 0 

60 67 0 
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EXAMHLEU 
Uver Transphr^t 

5 At picscat, the use of current^ available solutions for the presen/atioii of livers pdor to 

trjmqjlarotjonlmiits their hypothenmcpresen'atioo to about 20 hoiff^^ Hiere is therefore, a need 
to develop ittiproved cold-storage sohtions. In this Example, a transplant solution m accordance 
with the present iavention was tested against a standard sohitioa presently used by the medical 
ooDununity. 

J 0 Hie control sohition was lactated Ringer's solution and the experimental sohition was the 

same lactated Ainger'c sohition containing sodhua pyruvate at a 5 mM level 

Donor livers from Lewis nts were orthotopleally tnn^anted into Qngeneic rat 
rewpients. Tbs tran^lantatioa of the Hver oecurred afier 20 hours of hypotbennio (4»C) 
preservation. Group A, which consisted of 5 rats, bad the livers preserved and flushed beibre 

15 revascularization with the control sohition. Group B consisted of 3 tats and had the livers 
preserved with the experimental sohition but ihished with the control sohition prior to 
reperfusion. Group C consisted of 5 rats and used the experimental sohition for both preservation 
, and fluahmg. Comparative data was obtahied from 3 control rats that did Qot have the operation. 
This Was Group D. 

20 He operations were peifomied usqg accepted techniques hi the field. 3 hours after 

leperfiision of the livers, the animals were sacrificed. TTie damage to the transplanted fivers was 
assessed by faistopathological exammation and by liver mzymt serum levels. 
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Group A (control solution for both pre^ervotian and flushing) showed massive mjury to . 
the liver. CeQ uecrods and d^eneration of bepatOQyt«s and Bon-p^renchymal cell& was scored as 
severe. A sigolficaDt reduction id the histopathological changes was seen m Groups B and C 
(experimental solution). The changes or level of damage was moderate for Group B and nuld for 
5 Group C. In Group C tsrge areas of the Ihwr secdons presented toully normal morphology. 

Serum levels of liver en^es were increased in all groups, but were significantly lower 
(p<0.05) In Group C, The release of liver ensues into the saiun evidences that damage at the 
ceDulsT level has occurred. The presence of enhanced levels of liver en^mes in Gnn^s B and C 
support the inventive transplant sohitions and the use of those solutions for preservation and 
10 perfusion. 

This e)q)eximent demonstrates that a pyruvate containing transplant sohition protects the 
liver to be transplanted. This experiment also supports the use of pyruvate containing solutions 
ffar extended hypothermic preservation (isdiemic period), perAision of the organ (flushing) and 
dming reperRuion (revascularizatian). 
IS EXAMPLE m 

liver Transplantation 

In this experiment, the liver was transplanted orthotopicaDy in a syngeneic rat recipient 
20 after 49 hours of cold storage in University of Wisconsin solution wHhout pyruvate (control^ q=3) 
and with pyruvate (control, n=3> The eKperimental Wisconan sohuion contained 5 mM caldum 
pyruvate. Before revascularization of the liver graft, the vascuhture was flodied with Ringer's 
l&cute (control) and Ringer^s lactate containmg 5 mM pyruvate (study group). In the livers of 
animals transplanted with organs preserved and flushed with solutions containing pyruvate, was 

13 
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observed a reduced iu pflrenchynul necrosis, apoptosis of hepatocytcs and necrosU of nou- 
paicDcbyal cells. 

The data demoiistrate tlmt pyruvate protects the liver to be transplanted after an extended 
hypothermic preservatioL time (48 itomrsX reducing the injury observed when preserved with the 
5 best pieservadon sobtion available today for human livers and other organs, 

EXAMPLE IV 
lntestiiiftLTraDq )lfliit 

This experiment was conducted to demonstrate that Insertion of a pyruvate containing diet 
10 bto the lumen of the smaO mtestine prior to harvesting, results in iny roved viability of the 
transplanted oigan. 

Tlie small iotestine of 12 Sprague Dawley rats was tied to cloaur^ The bowel 
downstream fi^m the closure received directly about 10 cc's of a plac^o liquid diet ^?s4iich 
consisted of a standard liquid rat diow containing poiyglucose (n=6) or the same liquid diet with 
15 10% of the energy (caloric) content of the polyghicose bemg displaced by a mixture of sodium 
and calcium pyruvate (n=fi). 

The grafts were then harvested and stored for 2 hours in cold (4**C) Ringer's solution. 
The grafts were then transplanted with additional insertion of the e^qpeiimental and control diets 
into the hmien. 

20 Mucosal parametisrs were compared between the untreated and pymvate treated grafts 

two hours after rqierfiision. Tissue hyury was evaluated by histopathology. Mucosalinjury, after 
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reperfiision of the preserved grafts and dxaihg acute rqeodon was si^iiifioantly inhibited by 
pyruvate. 

Pyruvate treatmcDt before cold presenratian of intestmal grafts, in this rat model, reduced 
the amount of d&tmgo occasioned upon the graft. After nsperfiisioii of the hypothermically 
5 preserved grafts^ die separatioo of the villous epithelium from the lamina propria extended almost 
the fuU length of the villi mi in some sections^ destruction of the villous tips was also olraerved. 
In the grafts treated with pyruvato^ there was a marked decrease in edema and separation of the 
epitheihun fiom the lamina propria was not observed. 

EXAMPLEV 

10 Intestine TVansnlantation 

This experiment is designed to evaluate the use of pyruvate containkg preservation 
sohtions in the transplant of small bowd tissue. Small bowel grafts are harvested ftom male 
Sprague Dawiey rat& and are stored in cold (4''C) Ringer'^ lactate sohttioo for 2 hours prior to 
undorgoiag orthotopic transplantation into Sprague Dawl^ recipients. The Control group grafts 

1 3 are «tored in standard Ringer's sohition while the E^erimental group grafts are stored in Ringer's 
solution with sodium pyruvate at 10 mM. Small bowel biopsy spedmens are obtamed before 
harvesting, before revascularizatioa and 30, 60^ 220 minutes and 24 hours after transplantation. 

After reperfiision of the hypotheimicaOy preserved grafts» the reparation of the villous 
epithelium from the lamiaa propria will extend ahnost the fiiU length of the villi and in some 

20 sections, destructioa of the villous tips will be observed. In the grafts stored in the pyi'uvate 
Ringer's, there is a marited decrease 1 edema and separation of the epithelium fiom the Inmina 

15 
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propria. In genenl, the grafts stored in the pynivate containing sol^ 
storage much better than the Controls. 

EXAMPLE VI 

5 Fe^ImgJPvm vate Before Tra nsplantation 

One aspect of the present invention relates to the disooveiy that feedhig of pyruvate to the 
donor prior to retnoval of the organ and feeding of pyruvate to the recipient prior to and 
subsequent to transplantation can provide a beneficial efieot. Tliis oxpem^t uaed rejection of an 
utestmal graft in rats to demonstrate the beneficial eSPeets of feeding pyruvate for transplantation 
10 procedures. 

Small bowel grafts were transplanted across an aUogeoic (ACI strain of rat to Lewis straiD 
of rat) barrier. Grafts obtained from 4 untreated rats (not fbd pyruvate) were used as controls* 
The experimental group of 4 rats were fed pyruvate at 5 gms per day for 7 days prior to 
harvesthig. The recipients of the experimental group grafts were fed pyruvate at 5 gms per day 
IS An* 6 days post transplantation. Observations obtained from native intestines serv^ as a baseline 
fbi conqiarisons. 

6 days subsequent to tran^Iantation, the animals were sacrificed and the grafts were 
assessed Ibr severity of iajury by histopathological examination. He examfaiation of the grafts 
revealed that the experimental group suffered a significant reduction of cellubr damage and cell 
20 death. There wa$ also a significant reduction m endothelial cell damage, leukocyte adhesion and 
mtrarvascular platelet a^egation. The experimental group also evidenced preservation of Goblet 

16 
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ceQs and niorea&ed mitotic events as compared to controls. These observations support the 
feeding of pyruvate prior to and/or sabscQuent to transplantation of organs. 

fodnstrial ApplieabiKty 

5 The medical community is constantly searching for improvements to the tran^lantation of 

mgans. Tlie present invention provides a transplant sohition of topnwed performance and a 
m^od for the transplantation of organs that mcreases the likelihood of a successful dinical 
outcome. The transplant aohftions of this invontioQ arc isotonic aqneons solutions that contain 
from 1 to 100 mM, more preferably fiom 1 to 25 mM of pyruvacte. These isotonic sohitions may 

10 also contain antibiotics, Hnti-infbniiiiat cries and other components known in the art. An 
additional a^ect of the invention is a method for organ transplantation that cox^rises feeding the 
organ recipient pyruvate pdor to and/or subsequent to the transplant operatim. 

While the transplant sohitiona and the method tar orsan tranqilant of this invcndon have 
been described herein and constitute prefared embodiments of the invention, it is to be 

1 5 understood that the invention is not Umited to these precise sohrtions or methods and that changes 
may be made therdn without depaitmg frinn the scope of the inventicin. which is defined in the 
appended claims. 



17 



PAGE 20/44 * RCVD AT 1/1 1/2005 6:48:46 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-2/0 ' DNIS:7464000 ' CSID: ' DURATION (mm-ss):1 MO 



THDMPSON COBURN LLP 5 



Jan 11 2005 17:52 



P. 21 



What is cslaiiiiiBd is; 

J . A tra]iq)Iaiit solutioii conpririiig water, a Imflfer system and pyruvate. 

2. Hie tran^lant sohition Bocording to Clann I vAiv^ the pyrovate is selected fiom 
the group eeasistinf of sodhim pyruvate, caldum pyruvate, potassium pyruvate 
and mixtures thereof 

3. The transplant sohtdoa aeeording to Claim J wherein tbe pyruvate is at s 
oonccntration of 1*100 mM, 

4. The tranq>]ant gohtdoD according to Claim 1 wherein the pyruvate is at a 
concentration of 2 to 25 mM. 

5. A transplant sohtdon accordiQg to Clahn 1 finther compriaing at least one dement 
selected ftom the group conasting of antibiotics, steroids, insulin, uudeotldeB. 
oaibahydrates and pqittdes, 

6. A method fbr the tranq>Lmtation of an organ io a aummaj, said method cotqnises 
the adfflinistzQtion of pyruvate to the recipient anfatul, 

7. ITie method aeoording to Chum 6 wherein the administration of the pyruvate is 
enteral adnaniaration. 

8. The method accordmg to Claim 6 wherem the adnmstration of the pyruvate is 
parenteral administration. 

9. The method according to Claho 6 wherem the adnmitfration of the pyruvate is 
prior to the transplantation of the organ. 

10. The method according to claim 6 wherein the admmistration of the pynrvate is 
subsequent to the transplantation of the organ. 

18 
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11, A method for the ttanspkntation of an oi^gan h a «wa«w*ti»i. said niethod con^rises 
the pexfiision of the oigan with « trampbnt solution compriang wstw, a bufEbr 
^stem and pyruvate prior to the esubUshmeot of the blood flow from the recipient 

organ. 

12, The method according to Claim 1 1 ^terein sM pynrme is at a amcentraticm of 
1-100 mM md wherein said transplaot solution fiirther cozq>nses at least oti« 
elemfi&t sdected fiom the group ccmsisting of antibiotics, steroids, insulm, 
nucleotides, (carbohydrates and pq>tides. 

13, A transplant soktion comprising water^ at least one steroid at a concentration of 
from 2 -20 mgfU at least one carbohydrate at a concentration of from 10 to 100 
mmol at least one nucleoside at a concentration of 1-20 mmol, at least one 
antibiotic at a concentration of 0.1 to 1,0 tng/L and pyruvate at a concentration of 
1 to 100 mmol and wherein i»id transplant solution has an OsmolaHty of 250-375 
znmoSt 

14, The tranq>lant solution according to Qaim 13 \^erein said pyruvate is at a 
concentration of 2 to 25 mM and is selected from the group oonsistiog of sodhun 
pyruvate, caldum pyruvate, magneshim pyiuvate, potassium pyruvate and 
ndTCCuies thereof 

15, The transplant solution according to Clafan 13 wherein the pyruvate is at a 
ooncoatratioD of 2-15 mM and wherein the tran^lant solution has an Osmolality of 
275-350 mmos. 
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16. The tnn^lant scdution Acoordiag to Omn 13 v^icrdn the pyruvate is selected 
from the gtoup consisting of sodhun pyruvate, «nd pyruvate precursors. 

17. The trBDSplant BolutioQ aceordhig to Claim 13 further comprising steroids, iasiiBn 
and p^tides. 



20 



PAGE 23/44 * RCVD AT 1/11/20(15 6:48:46 PM [Eastern Standanl Time] * SVR:USPTO-EFXRF-2/0* DNIS:7464000 * CSID: ' DURATION (inin-ss]:11-10 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:53 



P. 24 



PCX 



WORU> IKTBLLBCTUAL PROPERTY OROANtZAHW 
Imemational Bureau 




INTERNATIONAL APPUCATIQN PUBUSHBD UNDER THE PATENT CX)QPERATION TREAlY (PCT) 



iSl} International FttteM Cliistflcatiaq ^ t 
AOIN vol, A61K 31/19 



A3 



(11) ZntcmatlonB] K^iblleation Numberi WO $8/04127 

(43) InteniflUoiiftl ygblkatlpfi Date: S Fehiwary 199$ <OS.02,98) 



(21) mternatkmal Application Number: PCT/US97/13 160 

(22) tntermtmul Fillns D«te; 25 July 1997 (25^07.97) 



08/686,313 



25 July 1996 (35.07,96) 



US 



(n)(72) Ap)^mt «Dd InvetttDr; STANKO. Roiald, T. [US/OS]; 
759 Wyndvuc Drive. Pittsburgh, PA 1 5205 (US), 

(72) In^or: CICAUTSE, tuca; 704 JSelkfontO Street #4, Pitt?^ 
bur^h. PA J5232 (US). 

(74) AgOTi: WCKEY, Dooald, 0.; Standley & Oilcfest, Suite 2ia 
4M Metro Place North, Dubliru OR 43017 (US), 



(81) Dodfptaled Stales: BR, CA, CN. JP, KR. MX. RU. EUiopean 

PuUisbed 

fWM miemmiom^ search report. 

B^prc the PjpfrmSon qfthB ((me limit Jbf amendh^ the 
daim pndtobe r^bltshed in the event cfthe receipt ^ 

(Sg) Date t»f pnblicBhaii oftha In^eritatlflAfl] scarck report: 

3 March 1998 (05.03.98) 



(54) two: niANSPLANT SOLUTIONS CONTAININO PYRUVATE AND METHODS FOR TOANSPLANTATTON 
(57) Abi^t 



pyruvaw 
and the ^ 



PAGE 24144 ' RCVD AT 1/1112005 6:48:46 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-2IO* DNIS:7464000 ' CSID: ' DURATION (inin-ss]:1M0 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:53 P. 25 



PM THE PVMPOSES OF INFOtOIATION tmLY 



Codes usied to Identify StaMi puny to the PCT on Itie ihiiit pogoB oTpamphlei* pubQghliw iiKemaUonal applicatiang under ih« PCX. 



AL 






AM 






AT 




m 


Ml 


Auclnlh 


OA 


A2 




CB 




Bttnii Hid Henciovitts 


GB 


B« 




oa 


BB 




ON 


BF 


Burkinq Pw 


en 


BG 




EfU 


HI 


B«Bil 




BS 


Bnill 


a 


BV 


Btihnii 


IS 


CA 




IT 


or 


Ccmral AAkan Aepublie 


jp 


CC 




KB 


CB 


KO 


CI 




KP 


CM 


CsnfiDU 




CN 


Chlm 


KR 


CD 


cube 




CZ 


C»«h RepDhlEe 


LC 


PE 




U 


DK 




LK 


BS 


Sfitonli 





Plnlind 
Oatms 

IfGlwd 

KepfiblleorXofa 
RciwbQc or Kau 
Kaukslan 

Lkdttawein 
fill Linba 
Ubcrli 



LS LttMho 

LT LlthuflU 

LU L4unjitoer| 

Mc Monaco 

MD RqiubficArMoldovi 

MO Madqtutr 

MK Th«r«TT!IGrVQeHt«9 

Rcpublie of Macedooii 

ML Mali 

Ml Munfliniit 

MX Metm> 

NX Nfgqr 

NO Nomqy 

PI, F»lAti4 

PT Pottugfl} 

RO KUnnia 

RU Rimiin F^denrioQ 

SB Sudu 

SK Sweden 



SI 




SK 








sz 




H> 


cnad 


t& 




TJ 


TE^fltlO 


TM 




TR 




TT 


TVinldad T»blEO 


UA 




VO 




US 


lliAa^ Siaici of Antetie* 




Uxbdciaun 


VH 








zw 





PAGE 2S144* RCVD AT 1/11/2005 6:48:46 PM [Eastern Standard Tiine]*SVR:USPTO-EFXRF-2/0* DNIS:7464000' CSID: ' DURATION (inm-ss):11-10 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:53 P. 26 



IMTEHNATIONAL SEARCH REPORT 



Inin 'c»ulAp|j|iaa«enNs 

PCT/liS 97/13160 



QBt™,s uaut Ba» uitattffld dinlKi the mtommcn^ 



«wnh (lame ardam tasa and. wnan pneltcAl. nwer. Hraa 



uwd) 



US S 536 751 A (R. BUNfiER) 16 July 1996 

see column 7. line 47 - Hne 53 

se« column 8. line 5 

see column 8, line 41 - line 44 

see column 19, line 19 - line 41 

see examples 

K0^91 09520 A (UNIV CALIFORNIA) 11 July 
SH9 Claims 

U0^92 04826 A (UKIV MINNESOTA) 2 April 

see claims 

see page 3, line 20 - line 28 

* (NESTLfsA) 25 March 1987 

see ctalms 

" -A- 



1-17 



nn ''^^f stecumam* are l»»ed (n Iho cftnlinuAti^n ot bra C 



1-17 



1-17 



1-17 



*L' document which m«y EhroHr tJcutts on Driortir oiiiiini^i 

3 DecBjrt>er 1997 



invuvo on mvAnHw ^ i«rwfl (te «bcumiiit }b tatnn sfopk^ 
SSSSP^LS oortibttBd w(h 0M «r mm ethw such dgcu- 
V floc^imcpt fnemfaer of the eam« patenl temfly 



Mw»ie flhrt mBiring adding oi me isa 



Date o( mailiAQ of lh« 'ntanuifonBl M^inh foport 




Decorte» D 



page 1 of 2 



PAGE 26/44 * RCVD AT 1/1 1/2005 6:48:46 PM [Eastern Standard Time] ' SVR:USPTO€FXRF-2/0 ' DNIS:7464000 * CSID: * DURATION M:1 MO 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:54 



INTERNATIONAL SEARCH REPORT 



onal Ap|Mi«aH»n Mo 

PCVUS 97/13160 



CiWIon 01 daeunwnl, Mith indiBalien.where apimpnnw. o» lha mM»rn paua^ 



DATABASE HPI 

Section Ch, Week 9^5 

Derwent Publications Ltd.. London, fiB; 

Class BOS, AN 92-039875 

XP002O49017 

& SU 1 632 427 A (UNIV KHARK) , 7 Harch 
1991 

see abstract 

US 5 599 659 A (6RASILE LAUREN ET AL) 4 
February 1997 
see claims 

ifS 5 294 641 A (STANKO RONALD T> 15 March 
1994 

cited in the application 

see column 3, line 24 - line 38 

BIOLOGICAL ABSTRACTS, vol. 96, 
1993 

Philadelphia, PA, US; 

abstract no. 37299, 

S. KOJIMA ET AL.: "Simple 24-hour 

preservation of rabit hearts with hexanol 

and pyruvate cardioplegia." 

XP002049016 

see abstract 

& 

0. HOL. CELL CARDIOL., 
vol. 25. no. A. 1993. 
pa^es 453-453, 



AelwanitsaagnNs, 



1-17 



1-17 



fi-10 



1-17 



page 2 of 2 



PAGE 27/44' RCVD AT 1/11I20IU 6:48:46 PM [Eastern Standard Time]* SVR:USPTO-EF1(RF>2/0* DNIS:7464000* CSID: * DURATION (min-ss):1t-10 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:54 



P. 28 



INTERNATIONAL SEARCH REPORT 



It* lailonai oppCeatiHi no. 
PCT/US 97/13160 



P<»« I ObaervrtteBS whew enrHli. ehipw ^ t^M ■in»»»chaM.<Contt>ualton at Item i rtflrrt ,h«>l) 

I«tem.».»<d8.„ch Jtep«th-,»t b«„ •«ablW,*dm,«V*d rftertainrtim. ««d.r A*l. 17(i)W to, tl» fallowing 
I. [7} CtaitmKai.: 

^IBB **y reW« Id aufejMi maltw net raqund le be MMnlMd by tM> Authority, nam*!/: 
RBoark: Although cUlm(s) 6-10 

5£;*e ^" ""S!" carried out and based on thi» alleged 

effects of the eonpaund/eDmpositlon. 



3. CUimiNaL: 

booftUM ihoy am dupofld^t ciaima And not m ae«QRlan«i wlh tt»i t«admi ^ndthWBatfcwwes of Rub fi.4<a). 



2- □ 



Ramarte on PibM 



I [ TTta addltiond AMPth fHs warn Accompanied by th» appfiannTto pralMt. 
|~] N<» prrteBt aoBDmpanM th* piymenk of Bddhioml vaOTUh tee»» 



Ferm PCT/ISA/31 0 (eonlinu^ian nral shasl (1 )) (July t flSK) 



PAGE 28/44 ' RCVD AT 1/11/2005 6:48:46 PM [Eastern Standard Time] ' SWiUSPTO^FXRF-^^ 



THOMPSON COBURN LLP 5 



Jan 11 2005 17:54 



INTERNATIONAL SEARCH REPORT 

iropmniion an pasm lamlly immbtm 



CM in search report 



\nimr 'm| AppHeMkHi No 
PCVUS 97/13160 



us 553&751 A 
1^0 9109520 A 



Patent family 
mernbei^s> 



16-07-96 



WO 9204826 A 



11-07-91 



02-04-S2 



NOME 

US 6066578 A 
US 5075210 A 
AU 7175591 A 



Puttieaiioo 
data 



19-11-91 
24-12-91 
24-07-91 



EP 0215138 A 



AU 8539491 A 
US 5210098 A 



25-03-87 



CA 1270199 A 
US 4970143 A 



US 5599659 A 
US 5294641 A 



04-02-97 
15-03-94 



15-04-92 

11- 05-93 

12- 06-90 

13- 11-90 



NONE 



WO 9511018 A 
EP 0680317 A 
JP 9500144 T 



27-04-95 
08-11-95 
07-01-97 



fam paman ymtn imilt mmid i»M) 



PAGE 29/44 ' RCVD AT 1/11/2005 6:48:46 PM [Eastern Standard Time]* SVR:USPTO-EF}(RF-2/0* DNIS;7464000 ' CSID: ' DURATION (iiiin-ss):11-10 



